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1
DISPLAY METHOD AND DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a display method that per-
forms a display operation while turning on and off a light
source of a display device to blink in synchronization with,
for example, a frame frequency of a display signal. The
present invention also relates to a display device that practices
the display method.

BACKGROUND ART

As display devices, the following display devices have
been conventionally known: an impulse-type display device
such as CRT (cathode-ray tube), for example, and a hold-type
display device such as a liquid crystal display device, for
example.

In the impulse-type display device, a lighting period during
which an image is displayed and a blanking period during
which no image is displayed are repeatedly alternated in each
pixel. Thus, even in a case where a moving image is dis-
played, for example, a viewer rarely views an image blurring
of a moving object in the moving image. This is because the
blanking period is inserted at timing when an image corre-
sponding to one screen is rewritten. Therefore, the viewer can
distinguish the moving object from a background and view
the moving image without experiencing discomfort.

On the other hand, in the hold-type display device, a bright-
ness of each pixel is maintained during a one frame period
(one vertical period) during which an image corresponding to
aone screen is rewritten. In the hold-type display device, ina
case where a moving image is displayed, a viewer views an
image blurring of a moving object in the moving image.
Specifically, the viewer views blurring of a contour of the
moving object. Such a phenomenon is called a moving image
blurring (pseudo contour), and it is thought that the image
blurring is caused due to the following (i) and (ii): (i) incapa-
bility of a display condition of the pixel to instantaneously
respond to a gray scale transition and (ii) viewer’s visual
tracking of the moving object.

Because the hold-type display device has a drawback that
such a moving image blurring is caused in a moving image
display, the impulse-type display device has been long
employed in a display such as a television to perform a mov-
ing image display.

It has been recently strongly demanded that the display
such as a television be thin in thickness and light in weight. In
such a circumstance, the hold-type display device, which is
easy to be thin in thickness and light in weight, has been
increasingly employed to such a display.

Aliquid crystal display device, in particular, has features of
a reduced thickness, a light weight, and a low power con-
sumption. The liquid crystal display device has been recently
widely used, replacing CRT, in various fields such as a tele-
vision, amonitor, a mobile device such as a mobile phone, and
the like.

However, theliquid crystal display device is generally very
inferior to other display devices such as CRT in terms of a
response speed to a display signal. In the liquid crystal display
device, adisplay gray scale is changed by causing a change in
a voltage applied to a liquid crystal layer of the pixel that
forms a display screen, and thereby causing a change in an
alignment condition of liquid crystal molecules so as to cause
a change in a transmittance of the pixel. In the liquid crystal
display device, a response speed of the pixel is equal to an
inverse of a time (response time) required for the alignment
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condition of the liquid crystal layer to reach an alignment
condition corresponding to an applied voltage.

However, it takes a certain amount of time before the
alignment condition of the liquid crystal layer to reach the
alignment condition corresponding to the applied voltage. In
a liquid crystal panel compatible with a frame frequency of
120 Hz per second, for example, it is intended that rewriting
in each pixel is performed 120 times per second. However,
there may be a case that it takes two or more frame to cause a
response in the pixel.

This may cause a problem that a desired display gray scale
cannot be realized in a recent liquid crystal display device
with a large screen or a high definition display. This is
because, in this liquid crystal display device, a driving time
(writing time) of each pixel is so short that the writing time
may not be long enough to fully cause a change in an align-
ment condition of a liquid crystal molecule in response to a
change in an applied voltage.

A driving method called overshoot driving (overdriving),
which is a driving method (tone transition emphasis process)
of aliquid crystal display device, has been recently proposed
as a technique of improving a response speed of a liquid
crystal (see the patent literature 1, for example).

The tone transition emphasis process is a driving process
that (i) applies an exaggerated voltage to a pixel in response to
a gray scale transition, so as to speed up a response of a liquid
crystal of the pixel, and thereby (ii) improves a response
speed of the pixel.

Specifically, in a case where a gray scale is changed from a
gray scale A to a gray scale B greater than the gray scale A, a
voltage greater than a writing voltage for the gray scale B is
applied to a pixel during a predetermined period. After this,
the targeted writing voltage for the gray scale B is applied to
the pixel. This speeds up a change in alignment of liquid
crystal molecules, and thereby causes a increase in the
response speed of the liquid crystal. As such, it is possible to
further speed up the response speed of the pixel for the gray
scale transition from the gray scale A to the gray scale B.

In contrast to the above case, in a case where the gray scale
is changed from the gray scale A to a gray scale C less than the
gray scale A, a voltage less than a writing voltage for the gray
scale C is applied to the pixel during a predetermined period.
This can bring about an effect similar to the effect obtained in
the above case.

CITATION LIST
Patent Literature

Patent Literature 1

Japanese Patent Application Publication, Tokukai, No.
2001-343956 A (Publication Date: Dec. 14, 2001)

Patent Literature 2

Japanese Patent Application Publication, Tokukai, No.
2005-310996 A (Publication Date: Nov. 4, 2005)

Patent Literature 3

Japanese Patent Application Publication, Tokukai, No.
2005-338857 A (Publication Date: Dec. 8, 2005)

SUMMARY OF INVENTION
Technical Problem
However, a liquid crystal display device has a problem that
a response speed of a liquid crystal is slow. Furthermore, a

driving manner of the liquid crystal display device is of a
hold-type driving, as described earlier. This gives a rise to



US 8,780,037 B2

3

another problem that a moving image display suffers moving
image blurring. The moving image blurring is caused in a case
where a response speed in a pixel is slow. This is because an
intermediate gray scale between gray scales A and B is
viewed within a gray scale transition from the gray scale A to
the gray scale B.

In order to prevent the image blurring in the moving image
display, it is optional to employ the following countermea-
sures (i) and (ii): (i) lighting as least as possible a backlight
which serves as a light source of the liquid crystal display
device, and (ii) having a blanking period during which a black
display is inserted to the moving image display, as in the
aforementioned impulse-type display device. Inthis case, itis
necessary to employ an arrangement that blinks the backlight
in synchronization with driving of the pixel.

FIG. 12 shows an example of an arrangement enabling
blink driving of the backlight, in accordance with the afore-
mentioned patent literature 2.

As shown in FIG. 12, a light source device 40 includes (i)
aplurality of LEDs 41 connected in series with each other, (i1)
switches 42 connected in parallel with the respective plurality
of LEDs 41, (iii) a switch control circuit 43 for controlling
“on” and “off” of each of the switches 42 independently from
each other, and (iv) a driving control circuit 44 for constant-
current driving the plurality of LEDs 41.

When the switch control circuit 43 switches on a given
switch 42 while the plurality of LEDs 41 are being constant-
current driven, no current flows into that one of the plurality
of LEDs 41 which is connected in parallel with the given
switch 42. This is because a closure of the given switch 42
causes a current to bypass this LED 41.

As understood from this, an LED 41 is turned on when a
corresponding switch 42 is in an “off” condition and turned
off when the corresponding switch 42 is in an “on” condition.

However, the switch control circuit 43 lacks an arrange-
ment that adjust timings at which the switch 42 is switched
between the “on” and “off” conditions. On this account, syn-
chromzing the “on” and “off” conditions of the switch 42 with
pixel driving alone cannot enable inserting as appropriate a
black in a one frame period of a moving image display. As
such, it is impossible to prevent the moving image blurring.
This is described in detail below, with reference to FIG. 13.

FIG. 13 is a timing chart showing how an image is actually
viewed on a liquid crystal display (LCD) device, in a condi-
tion that a waveform of an input and an output of each signal,
awaveform of atransmittance of liquid crystal, awaveform of
a value obtained by integrating a product of multiplication of
the transmittance of liquid crystal and a lighting intensity of a
backlight by a lighting time (in FIG. 13, a product of multi-
plication of a lighting intensity of the backlight and the trans-
mittance of liquid crystal) are adjusted to each other in timing.

Assume that an LCD video signal corresponding to a given
a pixel is changed from a low gray scale to a high gray scale
in a frame which is, for convenience, labeled with a frame
number 3 (see (a) and (g) of FIG. 13). In this case, an LCD
driving signal created based on the LCD video signal (see (b)
of F1G. 13) is applied to the given pixel. This causes a liquid
crystal in the given pixel to have a change in transmittance at
a response speed corresponding to the gray scale transition
(see (c) of FIG. 13).

On the other hand, a backlight lighting signal, which
switches the backlight between the “on” and “off” conditions,
is created so that the “on” condition of the backlight is started
in synchronization with a start of each frame and lasts for a
predetermined period in each one frame period (see (d) of
FIG. 13).

10

15

20

25

30

35

40

45

50

55

60

65

4

In a case where the above backlight lighting signal is sup-
plied, a brightness of a pixel is changed similarly to how the
transmittance of the liquid crystal in the pixel is changed
during the first half part of the frame 3 (see (e) of FIG. 13).
This is because a brightness of the pixel is equal to an inte-
gration value found by integrating a product of multiplication
of atransmittance of aliquid crystal and a lighting intensity of
the backlight by a lighting time of the backlight. As a result,
a viewer views an intermediate gray scale which is not origi-
nally intended (see (f) of FIG. 13). This results in the problem
that the moving image blurring is caused.

Response speeds of liquid crystals are not constant,
because they are varied in accordance with a combination of
a gray scale before a gray scale transition and a gray scale
after the gray scale transition. The slower the response speeds
of the liquid crystals are to the gray scale transition, the more
noticeable the moving image blurring is.

The present invention is made in view of the problem, and
an object of the invention is to provide a display method and
a display device each being capable of reducing image blur-
ring by setting, in response to a gray scale transition in a
display signal, a blanking period of a light source of the
display device within a one frame period of the display signal
as appropriate in accordance with a response speed (response
time) of a pixel.

Solution to Problem

In order to attain the object, a display method of the present
invention, which (i) causes pixels forming a display screen to
display information, by driving the pixels in accordance with
a display signal so as to modulate, via each pixel, intensity of
light emitted from a light source and (ii) blinks the light
source in accordance with a frame frequency, includes the
steps of: finding an average of a response time required for
each pixel belonging to a specific area of the display screen to
respond to a gray scale transition between a frame and an
adjacent frame following the frame; determining, based on
the average of response times in the specific area, at least one
ofalength of'an on period of the light source in a first half part
of a one frame and a length of an off period of the light source
in a second half part in the one frame; and after the gray scale
transition, driving, at least in the adjacent frame in which the
gray scale transition is caused, the light source in accordance
with the off period or the on period determined in length.

With the arrangement, the number of pixels of each specific
area of the display screen is two or more, and each light source
emits light toward two or more pixels of each specific area of
the display screen. Gray scales in the respective two or more
pixels of each specific area may take various values in accor-
dance with an image that will be displayed, and may be
changed every frame in a moving image display.

A response time in each pixel, which is required for the
pixel to respond to a gray scale transition between the frame
and the adjacent frame, is not constant because it is varied in
accordance with a change in a combination of a gray scale
before the gray scale transition and a gray scale after the gray
scale transition. In view of this, the display method of the
present invention finds the average of the response times
required for the respective plurality of pixels to respond to the
respective gray scale transitions caused in the respective plu-
rality of pixels.

After this, the display method of the present invention
determines at least one of (i) the length of the off period of
each light source in the first half part of the one frame and (i)
the length of the on period of each light source in the second
half part ofthe one frame. After this, the display method of the
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present invention drives, at least in the adjacent frame in
which the gray scale transition is caused, each light source in
accordance with the on period or the off period of the light
source thus determined.

On this account, the on period or the off period of each light
source is adjusted as appropriate in accordance with the vari-
ous gray scale transitions caused in the respective pixels of
each specific area. That is, as for a gray scale transition for
which the average of the response times is long, the off period
in the first half part of the one frame is extended so as to
remove as much as possible an adverse effect that halfway
changes in the gray scale transitions are reflected in bright-
nesses of the respective pixels of each specific area.

The display method of the present invention thus can
reduce the moving imaging blurring caused in the moving
image display.

In orderto attain the object, a display method of the present
invention, which (i) causes pixels forming a display screen to
display information, by driving the pixels in accordance with
adisplay signal so as to modulate, via each pixel, intensity of
light emitted from a light source and (ii) blinks the light
source in accordance with a frame frequency, includes the
steps of: creating, selectively for a pixel out of pixels belong-
ing to a specific area of the display screen in which pixel a
gray scale transition is caused between a frame and an adja-
cent frame following the frame, an emphasis display signal by
performing a gray scale transition process with respect to a
display signal in the adjacent frame in which the gray scale
transition is caused; finding an average of a response time
required for each of pixels belonging to a specific area of the
display screen to respond, in a condition that the gray scale
transition process has been selectively carried out to the gray
scale; determining at least one of a length of an off period of
the light source in a first half part of a one frame and a length
of an on period of the light source in a second half part of the
one frame; and after the gray scale transition, driving, at least
in the adjacent frame in which the gray scale is caused, in
accordance with the on period or the off period thus deter-
mined in length.

The display method of the present invention is different
from the display method of the present invention described
earlier in terms that the average of response times in the pixels
of the specific area is found in condition that the gray scale
transition emphasis process has been carried out to the dis-
play signal in the adjacent frame in which the gray scale
transition is caused. Because the gray scale transition empha-
sis process can reduce the response time in the pixel, it is
possible to accordingly reduce the average of response times
in the pixels of the specific area.

“Selectively” appearing in “creating, selectively . . . an
emphasis display signal by performing a gray scale transition
process with respect to a display signal” and “in condition that
the gray scale transition process has been selectively carried
out with respect to the gray scale transition” does not mean
that each gray scale transition requires to be processed by the
gray scale transition emphasis process, but means that the
gray scale transition emphasis process is carried out to only
gray scale transitions in need thereof. This is because there is
a gray scale transition to which a response time in a pixel is so
short that it is not necessary to carry out the gray scale tran-
sition emphasis process.

By the gray scale emphasis process, it is possible to
increase the brightness of each pixel in the midst of a gray
scale transition. As such, it is possible to more effectively
remove the adverse effect that the halfway change in the gray
scale transition is reflected in the brightness of each pixel.
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Further, by the gray scale transition emphasis process, it is
possible to reduce the response time in each pixel. Therefore,
it is possible to make the off period of each light source
shorter and the on period of each light source longer, as
compared to a case in which no gray scale transition emphasis
process is carried out. As such, it is easy to obtain a bright
display.

A display device of the present invention includes: a light
source; a display driving section for causing pixels forming a
display screen to display information, by driving the pixels in
accordance with a display signal so as to modulate, via each
pixel, intensity of light emitted from the light source; a light
source driving section for blinking the light source in accor-
dance with a frame frequency of the display signal; and a time
data obtaining section for finding an average of a response
time required for each pixel of a specific area of the display
screen to respond to a gray scale transition caused between a
frame and an adjacent frame following the frame, the light
source driving section including: a light signal control section
which determines, after the gray scale transition, at least one
of the following (i) and (ii) in accordance with the average of
response times in the specific area, (i) a length of an off period
of the light source in a first half part of a one frame and (ii) a
length of an on period of the light source in a second half part
of the one frame; and an on/off control section which blinks
the light source in accordance with the on period or the off
period determined in length.

With the arrangement, the time data obtaining section finds
the average of response times in each of the plurality of pixels
to respond to a gray scale transition between a frame and an
adjacent frame following the frame. For finding of the aver-
age of response times, an lookup table, which stores therein a
measured response time of each pixel in association with a
combination of a gray scale before the gray scale transition
and a gray scale after the gray scale transition, may be stored
in a memory. Alternatively, it may be arranged so that a
software process is carried out in which the gray scale tran-
sition process circuit computes a response time in each pixel
by use of a suitable one of prepared one or more formulas.

Thereafter, the lighting signal control section of the light
source driving section determines at least one of the following
(1) and (ii) in accordance with the average of response times
thus found by the time data obtaining section, (i) the length of
the off period of the light source in the first half part of the one
frame and (i) the length of the on period of the light source in
the second half part of the one frame. For the determination,
alookup table may be stored in a memory, which lookup table
stores therein time information for giving a timing of the on or
off period of the light source in accordance with the average
of response times. Alternatively, it may be arranged so that a
software process, such as one which computes time informa-
tion giving a timing of the on or off period of the light source
in accordance with the average of response times, is carried
out.

Subsequently, after the gray scale transition, the on/off
control section of the light source driving section drives, at
least in the adjacent frame in which the gray scale transitions
is caused, each light source in accordance with the on period
or the off period thus determined.

On this account, the on period or the off period of each light
source is adjusted as appropriate in accordance with the vari-
ous gray scale transitions caused in the respective pixels of
each specific area. That is, as for a gray scale transition for
which the average of the times is long, the off period in the
first half part of the one frame is extended so as to remove as
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much as possible an adverse effect that halfway change in the
gray scale transition is reflected in the brightness of each
pixel.

The display method of the present invention thus can
reduce the moving imaging blurring caused in the moving
image display.

A display device of the present invention includes: a light
source; a display driving section for causing pixels forming a
display screen to display information, by driving the pixels in
accordance with a display signal so as to modulate, via each
pixel, intensity of light emitted from the light source; a light
source driving section for blinking the light source in accor-
dance with a frame frequency of the display signal; a gray
scale process section for creating, selectively for a pixel out of
pixels belonging to a specific area of the display screen in
which pixel a gray scale transition is caused between a frame
and an adjacent frame following the frame, an emphasis dis-
play signal by performing a gray scale transition process with
respect to a display signal in the adjacent frame in which the
gray scale transition is caused; and a time data obtaining
section for finding an average of a response time required for
each of the pixels belonging to the specific area of the display
screen to respond, in a condition that the gray scale transition
emphasis process has been selectively carried out in the pixel
in which the gray scale transition is caused, the light source
driving section including: a light signal control section which
determines, after the gray scale transition, at least one of the
following (i) and (ii) in accordance with the average of
response times in the specific area, (i) a length of an off period
of the light source in a first half part of a one frame and (ii) a
length of an on period of the light source in a second half part
of the one frame; and an on/off control section which blinks
the light source in accordance with the on period or the off
period determined in length.

The display device of the present invention is different
from the display device of the present invention described
earlier in terms that the time data obtaining section obtains the
average of response times in the pixels of the specific area, in
a condition that the gray scale transition process section has
carried out the gray scale transition emphasis process to the
display signal in the adjacent frame in which the gray scale
transition is caused.

As described earlier, this can effectively remove the
adverse effect that the halfway change in the gray scale tran-
sition is reflected in the brightness of each pixel. Also, by
carrying out the gray scale transition emphasis process, it is
possible to make the on period of the light source longer than
in a case where no gray scale transition emphasis process is
carried out. As such, it is easy to obtain a bright display.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accompa-
nying drawings.

Advantageous Effects of Invention

A display method and adisplay device of the present inven-
tion are arranged so that an off period of a light source is set
to a suitable length in accordance with a gray scale transition
time, and the light source is turned off for the suitable length
of the off period within a first half part of a one frame period.

This can prevent as much as possible an adverse effect that
a halfway change in a gray scale transition is reflected in a
brightness of a pixel. As such, it is possible to reduce moving
image blurring caused in a moving image display.

Moreover, the display method and the display device of the
present invention are further arranged so that a gray scale
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transition emphasis process is carried out with respect to a
display signal in a case where the gray scale transition is
caused.

This can increase the brightness of the pixel in the midst of
the gray scale transition and reduce a response time of the
pixel. As such, it is possible to further improve a quality of the
moving image display.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 (a) through (o) of FIG. 1 are timing charts. (a)
through (g) of FIG. 1 show a display method in which no OS
driving is carried out, (h) through (n) of FIG. 1 show a display
method in which OS driving is carried out, and (o) of FIG. 1
shows an LED lighting signal applicable to both of the display
methods.

FIG. 2 is a block view schematically showing an internal
arrangement of a liquid crystal display device in accordance
with one embodiment of the present invention.

FIG. 3 isa block view showing internal arrangements of an
overshoot circuit and a time data obtaining section included in
the liquid crystal display device.

FIG. 4 is a conceptual view schematically showing a LUT
in which a corrected gray scale, which is to be outputted, is
associated with a combination of a gray scale in a previous
frame (i.e., upstream video input signal gray scale) and a gray
scale in a current frame following the previous frame (i.e.,
downstream video input signal gray scale).

FIG. 5 is a block view showing an internal arrangement of
an LED driver in the liquid crystal display device shown in
FIG. 2.

FIG. 6 is a block view showing an arrangement of a pulse
control circuit included in the LED driver.

FIG. 7 are timing charts together showing how an image is
actually viewed on the liquid crystal display device, in con-
dition that waveforms of the following (i) through (iii) are
adjusted, (i) an input and an output of each signal, (i) a
transmittance of liquid crystal, and (iii) a value obtained by
integrating, by a lighting time, a product of multiplication of
the transmittance of liquid crystal and a lighting intensity ofa
backlight.

FIG. 8 is an explanation view showing how an on period in
an LED lighting signal is changed in a case where there are
periods during which a gray scale is kept to a fixed value and
periods during which gray scales are being caused.

FIG. 9 is a timing chart (i) obtained in an comparative
example in which backlight control is carried out without
carrying out overshoot driving and (ii) showing how an image
is actually viewed on the liquid crystal display device, in
condition that waveforms of the following (a) through (c) are
aligned, (a) an input and an output of each signal, (b) a
transmittance of liquid crystal, and (c) a value obtained by
integrating, by a lighting time, a product of multiplication of
the transmittance of liquid crystal and a lighting intensity ofa
backlight.

FIG. 10(a) is a timing chart showing frame information of
each signal in a case where no frame phase shift is caused in
the LED video signal.

FIG. 10(b) is a timing chart showing frame information of
each signal in a case where a shift in frame phase is caused in
the LED video signal.

FIG. 11(a) is a timing chart showing frame information
(phase information) of each signal in a case where no shift in
phase is caused in the LED video signal.

FIG. 11(b) is a timing chart showing frame information
(phase information) of each signal in a case where a shift in
phase is caused in the LED video signal.



US 8,780,037 B2

9

FIG. 12 is a block view showing a conventional LED
driving circuit for use in a case where an LED serves as a light
source.

FIG. 13 is a timing chart obtained in a conventional display
method, which shows how an image is actually viewed on a
LCD, in condition that waveforms of the following (i)
through (iii) are adjusted in timing, (i) an input and an output
of each signal, (ii) a transmittance of liquid crystal, and (iii) a
value obtained by integrating, by a lighting time, a product of
multiplication of the transmittance of liquid crystal and a
lighting intensity of a backlight.

DESCRIPTION OF EMBODIMENTS

Qutline of One Display Method of the Present
Invention

First, a display method of the present invention is outlined.
For easy explanation, the following describes one pixel of a
plurality of pixels forming a display screen. One light source
is provided for the pixel.

(a) through (g) of FIG. 1 are timing charts showing how an
image is actually viewed in a case where an LCD video signal
(display signal), which drives a pixel of an LCD serving as a
display device, has a gray scale transition, in a time line on
which waveforms of the following (i) through (iii) are
adjusted, (1) an input and output of each signal, (ii) a trans-
mittance of liquid crystal (response in pixel), and (iii) a value
obtained by integrating, by a lighting time of a light source, a
product of multiplication of the transmittance of liquid crystal
and a lighting intensity of the backlight.

Assume that an LCD video signal corresponding to a given
pixel is changed from a low gray scale to a high gray scale in
aframe which is, for convenience, labeled with a frame num-
ber 3 (see (a) and (g) of FIG. 1). In this case, an LCD driving
signal created based on the LCD video signal (see (b) of FIG.
1) is applied to the pixel. This causes a liquid crystal in the
pixel to have a change in transmittance at a response speed
corresponding to a gray scale change (see (c) of FIG. 1).

In this case, the response speed is relatively great, i.e., a
response time is relatively short. Thus, no tone transition
emphasis process is carried out with respect to the LCD video
signal.

An LED lighting signal shown in (d) of FIG. 1, which
switches a light emission diode (LED) forming a backlight of
an LCD between “on” and “off”, is created in response to a
gray scale transition in a frame 3 so that an “off” period, a
length of which corresponds to the response time, is set within
a first half part of a one frame period at least in the frame 3,
i.e., an “on” period of the backlight, a length of which corre-
sponds to the response time, 1s set within a second half part of
the one frame period at least in the frame 3.

In a case where the LED lighting signal is supplied, a
brightness of the given pixel is rarely affected by a change in
transmittance of a liquid crystal in the given pixel within the
first half part of the frame 3 (see (e) and (f) of FIG. 1). This is
because the brightness of the given pixel is equal to an inte-
gration value found by integrating a product of multiplication
of the transmittance of the liquid crystal and a lighting inten-
sity of the LED by a lighting time of the backlight. Because
the brightness of the pixel is thus rarely affected, a contour of
an image is greatly clearer than in a conventional display
method described with reference to FIG. 13. As such, a dis-
play quality is improved as compared to that in the conven-
tional display method.

According to the arrangement, a non-lighting rate, which is
found by dividing the “off” period by the one frame period, is
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varied depending on a length of the response time is. Specifi-
cally, the longer the response time is, the more likely a mid-
way condition of a gray scale transition is displayed in the
pixel and the contour of the image is blurred. Thus, the LED
is preferably kept to the “off” condition until the gray scale
transition is completed. That is, the longer the response time
is, the greater the non-lighting rate is.

The “on” period of the LED lighting signal (see (d) of FIG.
1) corresponding to the frame 3 may be further shortened so
that the LED is completely off during the midway condition
of the gray scale transition, as shown in (0) of FIG. 1. How-
ever, the greater the non-lighting rate is, the more likely the
brightness of the pixel is insufficient. An example of a coun-
termeasure to this problem may be to increase an intensity of
the LED lighting signal corresponding to the frame 3, as
shown in (0) of FIG. 1.

Outline of Further Display Method of the Present
Invention

A further display method of the present invention is out-
lined below. According to the further display method, an LCD
driving signal shown in (i) of FIG. 11is created by carrying out
a tone transition emphasis process with respect to an LCD
video signal (see (h) of FIG. 1) in response to a gray scale
transition in a frame 3.

Inacasewhere the given pixel is driven by the LCD driving
signal thus created, a response speed in the given pixel is
speeded up. This causes an instantaneous rise in the transmit-
tance of the liquid crystal and thereby causes a decrease in the
response time (see (j) of FIG. 1).

The transmittance of the liquid crystal in the given pixel is
thus increased so that a product of multiplication of the trans-
mittance of the liquid crystal in the given pixel and the light-
ing intensity of the LED is increased greater than that shown
in (e) of FIG. 1 (see (i) of FIG. 1). This prevents the midway
condition of the gray scale transition from appearing in a
display by the given pixel, as shown in (m) of FIG. 1. As such,
it is possible to obtain a display quality improved further than
that shown in (f) of FIG. 1.

Arrangement and operation ofa display device that realizes
the display method are described in more detail below.

First Embodiment
Arrangement of Display Device

With reference to FIGS. 2 through 9, the following
describes one example of a liquid crystal display device
(hereinafter abbreviated to LCD) to which the display device
of the present invention is applied.

FIG. 2 isa view schematically showing an internal arrange-
ment of an LCD 1. In the LCD 1, a light emitting diode
(hereinafter abbreviated to LED) 10 is used as a light source.
Instead of the LED 10, another light emitting element such as
an organic electroluminescence (EL) element, an inorganic
EL element, or the like, may be used as the light source of the
LCD1.

As shown in FIG. 2, the LCD 1 includes, a video creation
section 2, an LCD module 3, and a backlight module 4. The
LCD module 3 includes an LCD timing control circuit (here-
inafter referred to as LCD_T-CON) 5, an LCD driver 6, and
an LCD panel 7. The backlight module 4 includes an LED
timing control circuit (hereinafter referred to as LED_T-
CON) 8, an LED driver 9, and a plurality of LEDs 10.

The plurality of LEDs 10 are provided at intervals in a
two-dimensional manner on a backside surface of the LCD



US 8,780,037 B2

11

panel 7 opposite to a front side surface, so as to form a
backlight. A surface of a substrate on which surface the plu-
rality of LEDs 10 are provided has a reflecting sheet by which
light emitted thereto from the plurality of LEDs 10 is directed
toward the LCD panel 7. Further, in order for the LCD panel
7 to have a uniform brightness distribution, an optical sheet
such as a diffusing plate, etc. is provided between the LCD
panel 7 and the plurality of LEDs 10.

A front surface of the LCD panel 7 has a plurality of areas
(specific areas of a display screen) for which the respective
plurality of LEDs 10 are provided. In the LCD panel 7, a
so-called area active backlight system is employed in which
each of the plurality of areas is driven, independently from
each other, in accordance with a corresponding gray scale
display.

Itis suitable that the number of the plurality of areas is large
whereas the number of pixels of the LCD panel 7, to which
pixels one LED 10 corresponds, is small, from a perspective
of improving a display quality in the LCD 1. However, it is
preferable that both the number of the plurality of areas and
the number of pixels of the LCD 7, to which one LED 10
corresponds, are optimized in view of a cost, a weight of a
device, a power consumption, etc.

The following outlines operations of the respective con-
stituents of the LCD 1. First, the video creation section 2
determines the following (i) and (ii) inaccordance with image
data (video input signal) that will be displayed on the LCD 1;
(i) a gray scale in each pixel of the LCD panel 7 and (ii) a
brightness of an LED 10 of each area. Then, the video cre-
ation section 2 supplies data of the gray scale in each pixel
thus determined to the LCD module 3 as an LCD video signal
(display signal) and data of the brightness of the LED 10 of
each area thus determined to the backlight module 4 as an
LED video signal. In response, the LCD module 3 controls a
gray scale in the LCD panel 7 in accordance with the LCD
video signal received from the video creation section 2.

More specifically, in the LCD module 3, the LCD video
signal received from the video creation section 2 is supplied
to the LCD_T-CON 5. In response, the LCD_T-CON 5
adjusts a timing of the LCD video signal. Then, the LCD
video signal with an adjusted timing is supplied to the LCD
driver 6 as an LCD driving signal. In response, the LCD driver
6 controls the gray scale in the LCD panel 7 in accordance
with the LCD driving signal.

The LCD driver 6 corresponds to “a display driving section
for causing a pixel forming a display screen to display infor-
mation, by driving the pixel in accordance with a display
signal and modulating, by the pixel, an intensity of light
emitted from a light source”.

The LCD_T-CON 5 includes a time data obtaining section
5a. The time data obtaining section 5a finds an average of
response times required for pixels of each area to respond to
a gray scale transition between adjacent frames.

In the backlight module 4, on the other hand, the LED
video signal received from the video creation section 2 is
supplied to the LED_T-CON 8. Inresponse, the LED_T-CON
8 adjusts a timing of the LED video signal. Also, the LED_T-
CON 8 finds an average gray scale in each area and deter-
mines a brightness of the LED 10 of each area, and thereby
creates an LED data for each area. Then, the LED video data
is supplied to the LED driver 9. In response, the LED driver 9
creates an LED lighting signal which causes the LED 10 of
each area to emit light of an adjusted brightness in accordance
with an adjusted on/off timing.

The LED driver 9 corresponds to “a light source driving
section for blinking the light source in accordance with a
frame frequency of a display signal”.
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With the arrangement, the light emitted from the LED 10 of
each area, the brightness of which light is determined based
on the gray scale in each area, is modulated by the pixels of
each area in accordance with the gray scales in the respective
pixels of each area. This enables displaying a video of a high
quality.

Inthe LCD 1 of the present embodiment, the LCD_T-CON
5 further includes an overshoot (OS) circuit 11 (a gray scale
processing section) and causes the OS circuit 11 to control OS
driving later described. This can improve response speeds of
liquid crystals during a moving image display on the LCD 1.

Further, in the LCD 1 of the present embodiment, the LED
driver 9 includes a pulse control circuit 12 (lighting signal
control section), and is capable of causing the pulse control
circuit 12 to control (i) blinking of the LED which turns on
and off to blink in synchronization with a frame cycle of the
LCD video signal or that of the LED video signal and (ii) a
lighting period and a blanking period of the LED 10 within
one frame cycle. That is, it is possible to set the blanking
period of the LED 10 within a first half part of the one frame
cycle and the lighting period of the LED 10 within a second
half part of the one frame cycle following the first half part.

Thus, the LCD 1 of the present embodiment can increase
response speeds of liquid crystals within a gray scale transi-
tion and reduce moving image blurring in a moving image
display. These effects brought about by the LCD 1 of the
present embodiment 1 are later described in detail.

Arrangement of OS Circuit 11

As described earlier, the LCD 1 of the present embodiment
makes use of the OS driving by the OS circuit 11. According
to the OS driving, response speeds of liquid crystal molecules
are improved. This is because, in a case where a gray scale
transition falls within a range where the response speeds of
the liquid crystal molecules are slow, an electric potential
greater than an ordinary one is applied to the liquid crystal
molecules when a gray scale is switched from a given gray
scale to another gray scale.

Specifically, in order for a target pixel to be switched from
a gray scale A to a gray scale B grater than the gray scale A,
awriting voltage corresponding to a gray scale B' (correction
gray scale) greater than the gray scale B is applied to the target
pixel for a predetermined period. After this, a writing voltage
corresponding to the gray scale B, i.e., a target gray scale, is
applied to the target pixel. This accelerates a change in align-
ment of the liquid crystal molecules, and thereby improves
the response speeds of the liquid crystal molecules. As such,
it is possible to further improve a speed of switching of the
target pixel from the gray scale A to the gray scale B.

In contrast to the above case, in order for the target pixel to
be switched from the gray scale A to a gray scale C less than
the gray scale A, a writing voltage corresponding to a gray
scale C' (correction gray scale) less than the gray scale C is
applied to the target pixel for a predetermined period. This
can bring about an effect similar to the one brought about in
the above case.

In such OS driving, generally, the OS circuit 11 outputs,
with reference to a lookup table (LUT), a predetermined
correction gray scale in accordance with a gray scale before
the gray scale transition and a gray scale after the gray scale
transition.

With reference to FIGS. 3 and 4, the following describes
the OS driving circuit 11 of the LCD_T-CON 5. FIG. 3 is a
block view showing an arrangement of the OS circuit 11 and
an arrangement of the time data obtaining section Sa. FIG. 4
is a conceptual view schematically showing an LUT in which
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correction gray scales to be outputted are associated with
respective combinations of a gray scale in a pervious frame
(upstream video input signal gray scale) and a gray scalein a
current frame (downstream video input signal gray scale)
following the previous frame.

As shown in FIG. 3, the OS circuit 11 includes an LUT
memory 13, a frame buffer (frame memory) 14, and a gray
scale conversion section 15. The LCD video signal received
from the video creation section 2 is supplied to the frame
buffer 14 and the gray scale conversion section 15. The frame
buffer 14 is a frame memory which temporarily stores therein
an LCD video signal in the previous frame.

Specifically, the frame buffer 14 holds, for a one frame
period (one vertical period), the LCD video signal received
from the video creation section 2. That is, the frame buffer 14
keeps holding the LCD video signal in the current frame until
an LCD video signal in a next frame is supplied. It follows
that the frame buffer 14 always holds an LCD video signal in
a previous frame followed by a current frame.

The LUT memory 13 stores therein the LUT for the OS
driving. The LUT memory 13 may store a plurality of LUTs
corresponding to a respective plurality of temperature condi-
tions, so that OS driving suitable in a current temperature
condition can be carried out irrespectively of a change in a
temperature condition.

An LCD video signal in the current frame, which is
received from the video creation section 2, is outputted to the
frame buffer 14 and the gray scale conversion section 15. In
response to this, the LCD video signal in the previous frame
1s supplied from the frame buffer 14 to the gray scale conver-
sion section 15. On reception of the LCD video signals in the
previous and current frames, the gray scale conversion sec-
tion 15 obtains, from the LUT memory 13, a correction gray
scale associated with gray scales in the respective LCD video
signals in the previous and current frames. After this, the
correction gray scale thus obtained is supplied to the LCD
driver 6 as an LCD driving signal. This can speed up response
speeds of liquid crystal molecules in a case where the gray
scale transition falls within the range where the response
speeds of the liquid crystal molecules are slow.

In a case where a gray scale transition falls within a range
where response speeds of the liquid crystal molecules are so
fast that no OS driving is required, an LCD video signal in a
current frame is directly stored in the LUT memory 13 as a
correction gray scale. This enables outputting the raw gray
scale without necessity of carrying out the OS driving.

Arrangement of Time Data Obtaining Section Sa

The following describes an arrangement of the time data
obtaining section 5a that finds an average of response times
required for the pixels of each area to respond to a gray scale
transition caused between adjacent frames. As shown in FIG.
3, the time data obtaining section Sa includes the OS circuit
11, a time data creation section 54, a LUT memory 5¢, an
average time computing section 54, and a memory Se.

The LUT memory 5S¢ stores therein a predetermined gray
scale transition time (a response time) in association with a
gray scale of an LCD video signal in a previous and a correc-
tion gray scale.

The time data creation section 5& receives (i) the LCD
video signal in the previous frame from the frame buffer 14
and (ii) the LCD driving signal, in which the correction gray
scale is reflected, from the gray scale conversion section 15.

After this, the time data obtaining section 55 obtains, from
the LUT memory 5c, a gray scale transition time correspond-
ing to the gray scale of the LCD video signal in the previous
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frame and the corrected gray scale. Then, the gray scale
transition time thus obtained is supplied to the average time
computing section 54. The gray scale transition time encom-
passes gray scale transition times in the respective pixels.

On reception of the gray scale transition time in each pixel
from the time data creation section 55, the average time
computing section 5d stores it in the memory 5e in association
with each area. After this, the average time computing section
5d reads out gray scale transition times in respective pixels of
each area, computes their average, and outputs it as time
information.

The gray scale transition time may be found for each of
gray scales between a minimum gray scale and a maximum
gray scale. Alternatively, the gray scale transition time may be
found for every given number of gray scales so that a data
amount of each LUT can be reduced. In this case, as fora gray
scale transition for which no gray scale transition time is
found, it is suitable to find a gray scale transition time by
interpolation computation in accordance with gray scale tran-
sition times for closest two gray scale transitions.

The above description of the time data obtaining section 5a
is made based on assumption that the OS driving is carried
out. However, in a case where no OS driving is carried out, the
time data creation section 5 may receive the LCD video
signal in the current frame from the video creation section 2,
instead of receiving the LED driving signal from the gray
scale conversion section 15, as shown in FIG. 3. Even in this
case, it is possible to obtain, with the use of the LUT memory
5c¢, a gray scale transition time corresponding to gray scales in
respective previous and current frames.

Arrangement of LED Driver

FIG. 5 more concretely shows an arrangement of the LED
driver 9. As shown in FIG. 5, the LED driver 9 includes (i)
switches 16 each of which is connected in parallel with a
corresponding one of a plurality of LEDs 10 connected in
series with each other, (i1) a switch control circuit 17 (on/off
control section) for switching each of the switches 16
between on and off independently from each other, (iii) a
driving control circuit 18 for constant-current driving the
plurality of LEDs 10 in accordance with the timing adjusted
by LED_T-CON 4, and (iv) a pulse control circuit 12 for
controlling the switch control circuit 17 and the driving con-
trol circuit 18.

Arrangement of Pulse Control Circuit 12

FIG. 6 is a block view showing an arrangement of the pulse
control circuit 12. As shown in FIG. 6, the pulse control
circuit 12 includes an LED ON/OFF circuit 19, a backlight
control circuit 20 (lighting signal control section), a frame
delay setting circuit 21 (frame delay setting section), and a
phase setting circuit 22 (phase setting section). The backlight
control circuit 20 includes an LUT memory 23 in which a
gray scale transition time is stored in association with an on
period or an off period of each LED 10.

The LED ON/OFF circuit 19 receives the LED video data
created by the LED_T-CON 8 and, in response, controls a
timing of the constant-current driving to be carried out by the
driving control circuit 18.

The backlight control circuit 20 receives the LED video
data from the LED_T-CON 8. In response, the backlight
control circuit 20 creates an LED lighting signal as shown in
FIG. 9, which is a pulse string signal repeatedly switched
between on and off pulses in synchronization with the frame
cycle of the LCD video signal or the frame cycle of the LED
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video signal. In order to create the LED lighting signal, the
backlight control circuit 20 (i) obtains the time information
(i.e., the average of the response times required for the pixels
of each area to respond to the gray scale transition caused
between the adjacent frames) from the time data obtaining
section 5a, and (ii) obtains, from the LUT memory 23, the on
period or the off period corresponding to the average of the
response times thus obtained.

In a case where the LUT memory 23 stores therein the
number of counts of a master clock which correspond to the
off period in the first half part of the one frame, the backlight
control circuit 20 can create the LED lighting signal by use of
(i) an output of a counter that counts the master clock, (ii) a
clock being synchronized with a start of each frame, and (ii1)
the master clock.

This enables determining, for each LED 10 of each area, at
least one of a length of the on period in the first half part of the
one frame and a length of the off period in the second half part
of the one frame.

The switch control circuit 17 switches each of the switches
16 between on and off independently from each other, in
accordance with the LED lighting signal. This causes blink-
ing of the LEDs 10.

The frame delay setting circuit 21 and the phase setting
circuit 22 receive information of a time (delay time) of adelay
caused inthe LCD video signal due to the signal process in the
video creation section 2. In response, the frame delay setting
circuit 21 and the phase setting circuit 22 causes a delay in the
LED lighting signal created by the backlight control circuit
20, in accordance with the delay time thus received. This is
later described in detail as a further embodiment.

Backlight Control Operation 1

The following describes a backlight control operation
employed in a case where no OS driving is carried out.

The video creation section 2 creates, for a given pixel, an
LCD video signal shown in (a) of FIG. 1. The LCD video
signal has a gray scale transition in a frame 3 (see (g) of FIG.
1). The LCD_T-CON 5 adjusts a timing of the LCD video
signal and creates an LCD driving signal (see (b) of FIG. 1) to
which no OS driving is carried out.

The greater a gray scale of the LCD video signal is, the
greater a voltage value of the LCD video signal is. The given
pixel belongs to a corresponding one (hereinafter referred to
as a focused area) of the plurality of areas of the display
screen of the LCD panel 7. In some of the rest of pixels
belonging to the focused area, same gray scale transitions as
above are caused, whereas in the others of the rest of pixels
belonging to the focused area, different gray scale transitions
different from the above, including no gray scale transition,
are caused.

The time data obtaining section 5a obtains a gray scale
transition time in each pixel of the focused area, and com-
putes an average of gray scale transition times in the focused
area. In the computation, 0 is substituted for a gray scale time
in a pixel in which no gray scale transition is caused. (c) of
FIG. 1 shows a transmittance of a liquid crystal in accordance
with the average of the response times in the focused area.

Subsequently, the backlight control circuit 20 (i) obtains
the average of the response times from the time data obtaining
section 5a, (ii) determines an on or off period corresponding
to it, with the use of LUT memory 23, and (iii) creates an LED
lighting signal.

The LED lighting signal is such that, at least in the frame
(the frame 3) in which the gray scale transition is caused, an
off period for turning off the LED 10 is provided in most of a
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transient period during which the transmittance of the liquid
crystal is being changed (see (d) of FIG. 1). A length of the off
period is adjusted, like the length of the average of the
response times in the focused area.

This makes it possible to realize a moving image display
which is greatly clearer in image contour than a moving
image display by a conventional backlight control described
with reference to FIG. 13.

However, if the off period is extended so that a non-lighting
rate is increased, there is a risk that a brightness of the display
is insufficient. In order to deal with this, it is suitable to
increase an intensity of lighting instead of extending the off
period (see (0) of FIG. 1). A configuration thus capable of
varying intensities of lighting from area to area of a display
screen is disclosed in the aforementioned patent literature 3,
for example.

In the backlight control operation 1, the off period of the
LED 10 is determined by use of the gray scale transition times
obtained in a case where no OS driving is performed. Alter-
natively, the off period of the LED 10 may be determined in
this way, even in a case where the OS driving is carried out
with respect to the LED video signal in the OS circuit 11.

In a case of combining the backlight control operation 1
with the OS driving, it is possible to more increase a bright-
ness of each pixel in the midst of a gray scale transition. As
such, it is possible to more effectively remove an adverse
effect that a halfway change in the gray scale transition is
reflected in the brightness of each pixel.

Because itis possible to decrease the time required for each
pixel to respond to the gray scale transition, it is possible to
increase a probability that the gray scale transition is com-
pleted within the off period of the light source in the first half
part of the one frame. As such, it is possible to remove with
greater certainty the adverse effect that the halfway change in
the gray scale transition is reflected in the brightness of the
pixel.

Backlight Control Operation 2

The following describes a backlight control operation
employed in a case where OS driving is carried out.

The video creation section 2 creates an LCD video signal
shown in (a) of FIG. 7, which LCD video signal has a gray
scale transition in a frame 3 (see (g) of FIG. 7) and is supplied
to a given pixel. The LCD video signal thus created is sup-
plied to the OS circuit 11. In response, the OS circuit 11
determines a correction gray scale, as early described, so that
an LCD driving signal shown in (b) of FIG. 7, whose gray
scale in a frame 3 is emphasized, is created.

The given pixel belongs to a focused area. In some of the
reset of pixels of the focused area, gray scale transitions same
as one caused in the given pixel are caused, whereas in the
others of the rest of pixels belonging to the focused area, gray
scale transitions different from the one caused in the given
pixel, including no gray scale transition, are caused.

The time data obtaining section 5a (i) obtains a gray scale
transition time required, in a case where the OS driving has
been carried out, in each of pixels belonging to a focused area
and (i1) computes an average of the gray scale transition times
thus obtained. As for a pixel in which no gray scale transition
is caused, obviously, no OS driving is carried out. Thus, the
computation is carried out by substituting 0 for the gray scale
transition time in this pixel. A transmittance of liquid crystal
shown in (c) of FIG. 7 corresponds to an average gray scale
transition time thus computed.

Subsequently, the backlight control circuit 20 (i) obtains
the average of the response times from the time data obtaining
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section 5a, (ii) determines an on or off period corresponding
to it, with the use of LUT memory 23, and (iii) creates an LED
lighting signal.

The LED lighting signal is such that, at least in the frame
(the frame 3) in which the gray scale transition is caused, an
off period for turning off the LED 10 is provided in most of a
transient period during which a transmittance of a liquid
crystal is being changed (see (d) of FIG. 7). A length of the off
period is adjusted, like the length of the average of the
response times in the focused area.

As compared to the case in which no OS driving is carried
out, the transmittance of the liquid crystal increases rapidly,
and then peaked out so as to have an angle-shaped waveform
(see (c) of FIG. 7). As a result, as shown in (e) of FIG. 7, a
value, 1.e., brightness, obtained by integrating a product of an
intensity of LED lighting and the transmittance of the liquid
crystal by a lighting time is increased greater than in the case
where no OS driving is carried out. On this account, the gray
scale transition appears, to a viewer, to rapidly rise (see (f) of
FIG. 7). That is, the viewer can view moving image display
clear in image contour.

In a case where no OS driving is carried out, the transient
condition of the response of the liquid crystal is slightly seen
in the brightness (see (e) and (f) of FIG. 1). Thus, there is a
probability that the gray scale transition may not fully rapidly
rise.

For example, as shown in a comparative example in FIG. 9,
in acase where a gray scale transition time is longer than a one
frame period, an intermediate gray scale which is not origi-
nally intended is viewed in the gray scale transition. This is
because, even if the backlight is extingnished in a first half
part of the one frame period and then lighted in a second half
part of the one frame period, the backlight is lighted while the
gray scale transition is being caused. Consequently, it is
impossible to reduce blurring in moving image.

In contrast, by performing the OS driving, it is possible to
reduce the gray scale transition time less than the one frame
period. Thus, by combining the OS driving with the backlight
control of the present invention, it is possible to reduce the
blurring in moving image with certainty.

Lighting Time of Backlight

The above description describes how to set the off period of
the LED lighting signal in the frame in which the gray scale
transition is caused, but does not describe how to set the off
period in the frame in which no gray scale is caused.

Thus, the following describes how the off period is set in a
frame in which no gray scale transition is caused.

To say the conclusion first, as for the frame in which no
gray scale transition is caused, it is preferable that the off
period is set to a fixed length and the LED driver 9 blinks the
LEDs 10 in accordance with the fixed length of the off period.
The LEDs 10 are blinked in synchronization with each frame.

A gray scale displayed in the frame, in which no gray scale
transition is caused, is same as in at least a frame directly
followed by this frame. Thus, the pixel is kept to a condition
that the response (gray scale transition) has been completed.
On this account, like a still image display, no problem of the
blurring in moving image is caused in the frame in which no
gray scale transition.

Therefore, in a case of setting the off period in the frame in
which no gray scale transition is caused, it is not necessary to
consider the blurring in moving image. Factors which are
necessary to be considered encompass obtainment of a
required brightness and a reduction in a power consumption.
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Tt is suitable that the off period (or the on period) is set to a
most suitable fixed length in consideration of these factors.

FIG. 8 isan explanation view showing how the on period in
the LED lighting signal is changed in a case where there are
periods during which the gray scale is constant and frames in
which gray scale transitions are caused.

As shown in (a) and (d) of FIG. 8, an average gray scale in
a given area is M4 in frames 1 and 2, M5 in frames 3 through
5, and M6 in frames 6 through 8, so that gray scale transitions
are caused in the respective frames 3 and 6. M4, M5, and M6
are different values.

In the frames 1, 2, 4. 5, 7, and 8 in each of which the gray
scale is kept constant, no blurring in moving image is caused.
Thus, the on period is set to a given length L0. That is, a
lighting rate (or non-lighting rate) is kept constant. In con-
trast, in the frames 3 and 6 in each of which the gray scale
transition is caused, the on period is changed to L4 and L5
different from L4, respectively.

The following further describes a concrete time of the off
period. Generally, a response speed (response time) of a lig-
uid crystal is defined as a time required, in a case where a
difference between brightnesses in two adjacent frames hav-
ing a gray scale difference is 100%, for a brightness to reach
90% from 10%.

If a frame frequency is 120 Hz, then a one frame cycle is
approximately 8.3 ms. Assume in this case, as a worst condi-
tion in a case where the display method described with refer-
ence to (a) through (g) of FIG. 1 and using no OS driving is
performed, that the response speed is 8.3 ms equivalently to
the one frame cycle. It is determined that a non-lighting rate
in the one frame cycle is 90%. That is, in a frame in which a
gray scale transition is caused, the off period of 7.5 ms is
provided in a first half part of the one frame cycle, irrespec-
tively of a duration of the gray scale transition. In this case, a
driving current for the LEDs 10 are increased so as to make up
for insufficiency brightness. This makes the on/off control of
the light source easy.

Further, in the display method using no OS driving, the
non-lighting rate in each frame may be uniformly set to 90%,
irrespectively of a gray scale transition, and the driving cut-
rent for the LEDs 10 may be increased so as to make up for the
insufficiency in brightness. This makes the on/off control of
the light source further easy.

However, it is more suitable that the non-lighting rate is
changed depending on a change in the response speed. Thus,
in the frame in which a gray scale transition for causing a
response speed of liquid crystal of 4 ms is caused, it is suitable
that the non-lighting rate is set to approximately 50%.

Second Embodiment
Frame Phase Shift

As described earlier, a video signal creation section 2 deter-
mines a gray scale in an LCD panel 7 and a brightness of an
LED 10 in accordance with image data (a video input signal)
that is displayed by an LCD 1. Thereafter, data of the gray
scale of the LCD panel 7 thus determined is outputted to an
LCD module 3 as an LCD video signal, whereas data of the
brightness of the LED 10 thus determined is outputted to a
backlight module 4 as an LED video signal.

In order for a gray scale in the LCD panel 7 to be deter-
mined, an LCD video signal is created, with use of a buffer
memory, by control in a video creation circuit (which is not
shown) in the video creation section 2. Thus, there is a time
lag between a time when the video creation circuit receives a
video input signal and a time when the video creation circuit
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outputs the LCD video signal. This causes a frame delay.
Also, there is a case that the frame delay is caused in a signal
process circuit provided upstream of the video creation cir-
cuit.

On the other hand, the LED video signal is processed and
outputted without a delay. Thus, the LCD video signal and the
LED video signal are not identical in terms of a frame.
Because of this, it is impossible to perform a suitable image
display in this case.

In the present embodiment, the shift between the LCD
video signal and the LED video signal is removed by shifting
the LED video signal by a degree corresponding to the delay
caused in the LCD video signal. This causes phases of the
LCD video signal and the LED video signal to be identical
with each other. As such, it is possible that the LCD 1 displays
an intended image without having any failure. This is
described with reference to FIG. 10(a) and FIG. 10(b). Each
of FIG. 10(@) and FI1G. 10(b) is a timing chart showing frame
information of each signal.

FIG. 10(a) is a timing chart obtained in a case where no
frame phase shift is caused in the LED video signal. In an
example shown in FIG. 10(a), a delay of one frame is caused
between a time when the video input signal is outputted and a
time when the LCD video signal is outputted. On the other
hand, the LED video signal is outputted without a delay. Thus,
there is a shift of one frame between a driving timing of the
LCD video signal and that of the LED video signal.

FIG. 10(b) is a timing chart obtained in a case where a
frame phase shift is caused in the LED video signal. As shown
in FIG. 10(b), after the video input signal is supplied to the
video creation circuit, the LED video signal is outputted with
a delay of the number of frames corresponding to the delay of
the LCD video signal. Then, the LED video signal thus
delayed is supplied to an LED_T-CON 8 as an LED video
delay signal. As a result, there is no lag between the driving
timing of the LCD video signal and a driving timing of the
LED video delay signal. As such, it is possible that the LCD
1 displays an intended image without having any failure.

The following describes a method for causing a frame
phase shift in the LED video signal by a pulse control circuit
12 in an LED driver 9. Specifically, when the video creation
section 2 process the video input signal so as to output the
LCD video signal, the number of frames of delay caused in
the LCD video signal is detected by the video creation circuit.
Then, information of the number of frames of delay is sup-
plied to a frame delay setting circuit 21 (frame delay setting
section) in the pulse control circuit 12.

As shown in FIG. 6, when a backlight circuit 20 creates an
LED lighting signal from the LED video signal supplied from
the LED_T-CON 8, the backlight 20 causes a frame shift in
the LED lighting signal by use of the information of the
number of frames of the delay stored in the frame delay
setting circuit 21.

Alternatively, a circuit may be arranged so that (i) the frame
delay caused in the LCD video signal is measured, in
advance, as a value unique to the video creation section 2, and
(ii) the video creation section 2 delays the LED video signal
by a degree corresponding to the frame delay caused in the
LCD video signal.

Phase Shift

The above describes a case in which the LCD video signal
is delayed on frame basis. Besides the frame delay, a slight
phase shift may be caused due to a process speed in the video
creation circuit. The phase shift is a delay of less than one
frame. In order to remove the phase shift, it is suitable to cause
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a phase shift in the LED video signal and thereby delay the
LED video signal. This is described with reference to FIG.
11(@) and FIG. 11(5). Each of FIG. 11(a) and FIG. 11(b) is a
timing chart showing frame information (phase information)
of each signal.

FIG. 11(a) is a timing chart obtained in a case where no
phase shift is caused in the LED video signal. As shown in
FIG. 11(a), a frame delay and a phase shift are caused
between a time when the video creation circuit receives the
video input signal and a time when the LCD video signal is
outputted. On the other hand, the LED video signal is output-
ted without a delay. This causes a driving timing of the LCD
video signal to be shifted from a driving timing of the LED
video signal.

FIG. 11(4) is a timing chart obtained in a case where the
phase shift is caused in the LED video signal.

As shown in FIG. 11(b), after the video input signal is
supplied to the video creation circuit, the LED video signal is
outputted with a delay corresponding to the number of frames
of delay ofthe LCD video signal and the phase shift caused in
the LCD video signal. Then, the LED video signal thus
delayed is supplied to the LED_T-CON 8 as an LED video
delay signal. This can prevent the driving timing of the LCD
video signal from being shifted from a driving timing of the
LED video delay signal. As such, it is possible that the LCD
1 displays an intended image without having any failure.

The following describes a method for causing a phase shift
in the LED video signal by the pulse control circuit 12 in the
LED driver 9. Specifically, when the video creation section 2
process the video input signal so as to output the LCD video
signal, the number of delay frames and the phase shift caused
in the LCD video signal is detected by the video creation
circuit. Then, information of the number of delay frames is
supplied to the frame delay setting circuit 21, whereas infor-
mation of the phase shift is supplied to a phase setting circuit
22 (phase setting section) in the pulse control circuit 12.

As shown in FIG. 6, when the backlight control circuit 20
creates an LED lighting signal from the LED video signal
supplied from the LED_T-CON 8, the backlight control cir-
cuit 20 causes a frame shift in the LED lighting signal with the
use of the information of the number of delay frames stored in
the frame delay setting circuit 21 and the information of the
phase shift stored in the phase shift setting circuit 22.

In this case, it is required that a degree of phase delay
caused in the LED lighting signal be determined in a condi-
tion that the response speed of the liquid crystal is slowest.
This is because, unless (i) a condition in which a gray scale is
stableand (ii) a lighting timing ofthe backlight are adjusted to
each other in the condition that the response speed of the
liquid crystal is slowest, blurring in moving image is caused.

The condition in which the response speed of the liquid
crystal is slowest is determined, when the LUT value in the
OS circuit 11 is determined, based on a result of measurement
in conditions that a transition time of each gray scale and a
temperature condition are varied in advance.

This enables removing not only the frame delay caused in
the LCD video signal but also the slight phase shift. As such,
itis possible to remove a disturbance on the image on the LCD
1 caused by the delay of the LCD video signal and thereby to
display an intended image without any failure.

The present invention is not limited to the description of
each of Embodiments 1 and 2, but may be altered by a skilled
person in the art within the scope of the claims. An embodi-
ment derived from a proper combination of technical means
disclosed in different embodiments is also encompassed in
the technical scope of the present invention.
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Further, the display device of the present invention may be
a display device further includes a gray scale process section
for supplying an emphasis display signal, which is obtained
by carrying out a gray scale transition emphasis process to the
display signal, to the display driving section during the adja-
cent frame in which the gray scale transition is caused, the
display driving section driving the pixel belonging to the
specific area, in accordance with the emphasis display signal.

According to the arrangement, the time data obtaining
section finds the average of the response times required for
the pixels of the specific area to respond. Subsequently, the
gray scale process section supplies, to the display driving
section, the emphasis display signal obtained by carrying out
the gray transition emphasis process with respect to the dis-
play signal. This can increase a brightness of the pixel in the
midst of the gray scale transition. As such, it is possible to
more effectively prevent an adverse effect that a halfway
change in the gray scale transition is reflected in the bright-
ness of each pixel.

With the arrangement, furthermore, it is possible to reduce
the response time required for each pixel to respond to the
gray scale transition. As such, it is possible to increase a
probability that the pixel responds to the gray scale transition
within the “off” period of the light source falling within the
first half part of the one frame period. This enables removing,
with increased certainty, the adverse effect that the halfway
change in the gray scale transition is reflected in the bright-
ness of each pixel.

This can cause a further reduction in image blurring caused
in a motion image display. As such, it is possible to improve
a display quality.

Further, it is preferable that the display device of the
present invention is arranged so that the at least one of the
respective on and off periods of the light source is determined
in such amanner that the longer the average of response times
in the specific area is, the longer the length of the off period is.

This can increase the probability that the gray scale tran-
sition is completed within the “off” period of the light source
falling within the first half part of the one frame period. As
such, it is possible to reduce the adverse effect that the half-
way change in the gray scale transition is reflected in the
brightness of each pixel.

Further, it is preferable that the display device of the
present invention is arranged so that, in a frame in which no
gray scale transition is caused between the frame and an
frame adjacent to the frame, the length of the off period is set
to a fixed length, and the light source driving section blinks
the light source in accordance with the fixed length of the off
period.

A gray scale displayed in the frame in which no gray scale
transition is caused is same as in a previous frame. Thus, the
pixel is kept to a condition that it completes its response. On
this account, like a still image, the frame in which no gray
scale transition is caused suffers the problem of moving
image blurring.

Thus, in a case of setting the “off” period in the frame in
which no gray scale transition is cause, it is not necessary to
consider the moving image blurring. Factors which need to be
taken into consideration may encompass obtainment of a
required brightness and a reduction in power consumption. It
is suitable that the “off” period is set to a most suitable
constant value in consideration of these factors.

Further, it is preferable that the display device of the
present invention is arranged so that the longer the length of
the off period determined by the lighting signal control sec-
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tion is, the more the light source driving section increases
luminance of the light source during the on period which
follows the off period.

With the arrangement, the longer the off period in the one
frame is, the shorter the on period, by which the off period is
followed, in the same one frame is. In such a circumstance,
there is a risk that the brightness of the pixel is insufficient.
However, with the light source driving section increasing the
luminance of the light source, it is possible to solve such an
insufficiency in the brightness of the pixel.

Further, the display device of the present invention may be
arranged so that the light source driving section includes a
frame delay setting section for (i) setting a frame delay period
caused by a signal process up to supply of the display signal
to the display driving section, and (ii) shifting a timing of
blinking of the light source, on frame basis, in accordance
with the frame delay period.

With the arrangemient, it is possible that even if the display
signalis, prior to being supplied to the display driving section,
delayed by the frame delay period (i.e., the delay in each
frame) due to a signal process, the frame delay section delays
the driving timing of the light source by a same degree as the
frame delay period. This can prevent a timing of driving ofthe
pixel and a timing of driving of the light source from being
shifted from each other. As such, it is possible to obtain as
appropriate an effect brought about by the aforementioned
present invention.

The frame delay period may be (i) detected by a circuit by
which the display signal to be supplied to the display driving
section is subjected to a signal process in advance, and (ii)
supplied to the frame delay setting section. Alternatively, the
frame delay period may be (1) measured as a constant value
unique to the display device, and (i1) stored in the frame delay
setting section.

Further, it is preferable that the display device of the
present invention is arranged so that the light source driving
section includes a phase setting section for (i) setting a phase
shift of less than a one frame period caused due to a signal
process up to supply of the display signal to the display
driving section, and (ii) delaying a timing of blinking of the
light source.

With the arrangement, even in a case where the display
signalis, prior to being supplied to the display driving section,
shifted in phase by a degree less than a one frame period due
to the signal processes, it is possible that the phase setting
section shifts, by a same degree as the phase shift, a phase of
the light source driving signal supplied from the on/off con-
trol section to the light source. This can prevent a timing of
driving of the pixel and a timing of driving of the light source
from being shifted from each other. As such, it is possible to
appropriately obtain an effect brought about by the aforemen-
tioned present invention.

The phase shift may be (i) detected by the circuit whereby
the display signal to be supplied to the display driving section
is subjected to a signal process inadvance, and (i1) supplied to
the frame delay setting section. Alternatively, the phase shift
may be (1) measured as a constant value unique to the display
device, and (ii) stored in the frame delay setting section.

Further, it is preferable that the display device of the
present invention is arranged so that: the specific area is each
of aplurality of areas forming the display screen; and the light
source in each of the plurality of areas is driven, by the light
source driving section, independently from each other.

The present invention is applicable even in a case where the
specific area accounts for a one area of the entire display
screen. However, in a case of having a plurality of areas in the
display screen and including a light sources in each area so as
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to drive it independently from each other, it is possible to
more appropriately reduce, for each area, the adverse effect of
the gray scale transition exerted on the display. As such, it is
possibleto increase an effect of improving the display quality.

Tt is suitable that the number of areas of the display screen
is large and the number of pixels to which one light source
corresponds is small, from a perspective of increasing the
effect of improving the display quality. However, it is prefer-
able that both the number of the areas and the number of the
pixels to which one light source corresponds are optimized in
view of a cost, a device weight, a power consumption, etc.

The invention being thus described, it will be obvious that
the same way may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

INDUSTRIAL APPLICABILITY

The present invention is applicable to entire display
devices each of which causes a pixel forming a display screen
to display information, by driving the pixel in accordance
with a display signal and modulating, via the pixel, an inten-
sity of light emitted from a light source.

REFERENCE SIGNS LIST

1: liquid crystal display device (LCD)

5a: time data obtaining section

6: LCD driver (display driving section)

7: LCD panel

9: LED driver (light source driving section)

10: LED (light source)

11: overshoot (OS) circuit (gray scale processing section)
17: switch control circuit (on/off control circuit)

20: backlight control circuit (lighting signal control section)
21: frame delay setting circuit (frame delay setting section)
22: phase setting circuit (phase setting section.

The invention claimed is:

1. A display method, which (i) causes pixels forming a
display screen to display information, by driving the pixels in
accordance with a display signal so as to modulate, via each
pixel, intensity of light emitted from a light source and (ii)
blinks the light source in accordance with a frame frequency,
the display method comprising the steps of:

finding an average of a response time required for each

pixel belonging to a specific area of the display screen to
respond to a gray scale transition between a frame and an
adjacent frame following the frame;

determining, based on the average of response times in the

specific area, at least one of a length of an off period of
the light source in a first half part of a one frame and a
length of an on period of the light source in a second half
part in the one frame; and

after the gray scale transition, driving, at least in the adja-

cent frame in which the gray scale transition is caused,
the light source in accordance with the off period or the
on period determined in length.

2. A display method, which (i) causes pixels forming a
display screen to display information, by driving the pixels in
accordance with a display signal so as to modulate, via each
pixel, intensity of light emitted from a light source and (ii)
blinks the light source in accordance with a frame frequency,
the display method comprising the steps of:

creating, selectively for a pixel out of pixels belonging to a

specific area of the display screen in which pixel a gray

20

25

30

40

45

50

55

60

24

scale transition is caused between a frame and an adja-

cent frame following the frame, an emphasis display

signal by performing a gray scale transition process with
respect to a display signal in the adjacent frame in which
the gray scale transition is caused,

finding an average of a response time required for each of
the pixels belonging to the specific area of the display
screen to respond, in a condition that the gray scale
transition process has been selectively carried out to the
gray scale transition;

determining at least one of a length of an off period of the
light source in a first half part of a one frame and a length
of an on period of the light source in a second half part of
the one frame; and

after the gray scale transition, driving, at least in the adja-
cent frame in which the gray scale transition is caused, in
accordance with the off period or the on period thus
determined in length.

3. A display device, comprising:

a light source;

a display driving section configured to cause pixels form-
ing a display screen to display information, by driving
the pixels in accordance with a display signal so as to
modulate, via each pixel, intensity of light emitted from
the light source;

a light source driving section configured to blink the light
source in accordance with a frame frequency of the
display signal; and

a time data obtaining section configured to find an average
of a response time required for each pixel of a specific
area of the display screen to respond to a gray scale
transition caused between a frame and an adjacent frame
following the frame,

the light source driving section including:

a light signal control section configured to determine,
after the gray scale transition, at least one of the fol-
lowing (i) and (ii) in accordance with the average of
response times in the specific area, (i) a length of an
off period of the light source in a first half part of a one
frame and (ii) a length of an on period of the light
source in a second half part of the one frame; and

an on/off control section configured to blink the light
source in accordance with the off period or the on
period determined in length.

4. The display device as set forth in claim 3, further com-

prising

a gray scale process section configured to supply an
emphasis display signal, which is obtained by carrying
out a gray scale transition emphasis process to the dis-
play signal, to the display driving section during the
adjacent frame in which the gray scale transition is
caused,

the display driving section driving the pixel belonging to
the specific area, in accordance with the emphasis dis-
play signal.

5. The display device as set forth in claim 3, wherein

the at least one of the respective on and off periods of the
light source is determined in such a manner that the
longer the average of response times in the specific area
is, the longer the length of the off period is.

6. The display device as set forth in claim 3, wherein

in a frame in which no gray scale transition is caused
between the frame and an frame adjacent to the frame,
the length of the off period is set to a length, and the light
source driving section blinks the light source in accor-
dance with the fixed length of the off period.
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7. The display device as set forth in claim 3, wherein

the longer the length of the off period determined by the
lighting signal control section is, the more the light
source driving section increases luminance of the light
source during the on period which follows the off period.

8. The display device as set forth in claim 3, wherein

the light source driving section includes a frame delay
setting section for (i) setting a frame delay period caused
by a signal process up to supply of the display signal to
the display driving section, and (ii) shifting a timing of
blinking of the light source, on frame basis, in accor-
dance with the frame delay period thus set.

9. The display device as set forth in claim 3, wherein

the light source driving section includes a phase setting
section configured to (i) set a phase shift of less than a
one frame period caused due to a signal process up to
supply of the display signal to the display driving sec-
tion, and (ii) delay a timing of blinking of the light
source in accordance with the phase shift thus set.

10. The display device as set forth in claim 3, wherein

the specific area is each of a plurality of areas forming the
display screen; and

the light source in each of the plurality of areas is driven, by
the light source driving section, independently from
each other.

11. A display device, comprising:

alight source;

a display driving section configured to cause pixels form-
ing a display screen to display information, by driving
the pixels in accordance with a display signal so as to
modulate, via each pixel, intensity of light emitted from
the light source;

[
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a light source driving section configured to blink the light
source in accordance with a frame frequency of the
display signal;

a gray scale process section configured to create, selec-
tively for a pixel out of pixels belonging to a specific area
of the display screen in which pixel a gray scale transi-
tion is caused between a frame and an adjacent frame
following the frame, an emphasis display signal by per-
forming a gray scale transition process with respect to a
display signal in the adjacent frame in which the gray
scale transition is caused; and

a time data obtaining section configured to find an average
of aresponse time required for each of the pixels belong-
ing to the specific area of the display screen to respond,
in a condition that the gray scale transition emphasis
process has been selectively carried out to the gray scale
transition,

the light source driving section including:

a light signal control section configured to determine,
after the gray scale transition, at least one of the fol-
lowing (1) and (ii) in accordance with the average of
response times in the specific area, (i) a length of an
off period of the light source in a first half part of a one
frame and (ii) a length of an on period of the light
source in a second half part of the one frame; and

an on/off control section configured to blink the light
source in accordance with the off period or the on
period determined in length.
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